INTRODUCTION
Benomyl (methyl-N-benzimidazol-2-yl-N-(butylcarbamoyl) carbamate) is a new systemic fungicide which controls many phytopathogenic fungi and has some mite ovicidal properties (Delp & Klopping, 1968) . The compound has also been reported to suppress root invasion by nematodes (Miller, 1969) . In aqueous solution benomyl is rapidly broken down to methyl-N-benzimidazol-2-yl-carbamate (Clemons & Sisler, 1969) ; the same breakdown product has been detected in the leaves of benomyl-treated cotton plants (Sims, Mee & Erwin, 1969) . The breakdown product is as toxic as benomyl to mycelia of Neurospora crassa and Rhizoctonia solani and both compounds are more effective in preventing mycelial growth than in inhibiting spore germination (Clemons & Sisler, 1969) . Ascospores of Mycosphaerella musicola produced distorted germ tubes when incubated on banana leaves in the presence of benomyl, and the fungicide also reduced sporulation of this organism (Stover, 1969) .
The fine structure of resting and germinating conidia of Botrytis fabae was described in earlier papers (Richmond & Pring, 1971 a, b) . The present paper describes the cytological changes induced in germinating conidia of B. fabae by treatment with benomyl as seen in both chemically fixed sections and freeze-etched replicas.
sions of germinating conidia on coverslips were fixed in 2 yo (w/v) aqueous OsO, for 30 min., then dehydrated in graded acetone. The coverslip was stuck to the metal specimen holder, coated under vacuum with Au/Pd and viewed in the Stereoscan.
Fungicide. Benomyl was recrystallized with ethanol from technical grade material kindly supplied by the Du Pont Co. (U.K.) Ltd.
RESULTS

Morphological eflects of benomyl
Conidia germinating in the presence of sublethal concentrations of benomyl (0.1 to 0.3 ,ug./ml.) produced swollen and distorted germ tubes which branched more frequently than those of normal conidia (PI. I , fig. I to 5). Multiple germ-tube emergence also occurred to a greater extent in treated conidia (Pl. I , fig. 3 ). The wrinkled appearance of the conidial surface in Stereoscan preparations (PI. I, fig. 2,3 ) was probably caused by shrinkage of the spore during the vacuum treatment. A similar effect has been observed by Greenhalgh & Evans (1968) with ascospores of Hypoxylon rubiginosum.
When conidia germinating in the presence of benomyl were transferred to a fungicide-free medium normal growth ensued. Conidia from growth-inhibiting concentrations also germinated normally when freed from fungicide. When benomyl was added to a mycelial mat of Botrytis fabae growth continued but distortions appeared in the young hyphae and branching was increased (Pl. I, fig. 6 ).
Efects of benomyl on fine structure. The characteristic distorted germ tubes produced when conidia germinated in the presence of benomyl could be seen in thin sections (PI. 3,4) and freeze-fractured replicas (Pl. 5). The thin sections showed the conidial septal pore and the freeze-fractured replica (Pl. 5) showed a conidium with two emerging germ tubes. * Abbreviations: ER, endoplasmic reticulum; G, glycogen; INM, inner surface of inner nuclear membrane; LI, lipid body; LO, lomasome; M, mitochondrion; N, nucleus; NP, nuclear pore; ONM, inner surface of outer nuclear membrane; PI, inner surface of plasmalemma; PO, outer surface of plasmalemma; PV, prevacuole; SP, septal pore; T, tonoplast; V, vacuole; VE, vesicle.
The bar represents I pm. All magnifications are approximate. The efect of benomyl on Botrytis fabae Cross-fractured replica through normal young germ tube showing section through a long strand of endoplasmic reticulum. The particle-covered inner surface of the outer nuclear membrane can be clearly seen. x 26,300. Cross-fractured replica through normal young germ tube showing section through a long strand of endoplasmic reticulum. The particle-covered inner surface of the outer nuclear membrane can be clearly seen. x 26,300. 
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The organelles and endoplasmic reticulum of young germ tubes were usually orientated towards the hyphal tip (Pl. 2). This general pattern was disorganized in benomyl-treated cells and the organelles appeared to be directed to several different points on the periphery of the young germ tube (Pl. 3,4) . The form of the endoplasmic reticulum also changed from multiple strands surrounding the nuclei (PI. 6, fig. I I) to short broken fragments and, sometimes, a branched reticulate network (PI. 3) . The few strands of endoplasmic reticulum present seemed to radiate from the nuclei rather than to enfold them (PI. 3). Some strands of endoplasmic reticulum lay parallel to the plasmalemma and others were directed to positions on the periphery where they terminated in a series of small vesicles (PI. 4). This configuration was normally a characteristic of resting conidia (PI. 6, fig. 12) .
The results obtained with chemically fixed sections were confirmed by a study of freezefractured replicas. The fragmented endoplasmic reticulum in longitudinal (Pl. 5) and transverse (Pl. 8, fig. 16 ) conidial replicas and transverse germ-tube replicas (Pl. 7, fig. 14) after benomyl treatment was strikingly different from the multiple sheets in untreated conidia (Pl. 8, fig. 15 ) and from the long strands in untreated germ tubes (Pl. 7, fig. 13 ). The network of endoplasmic reticulum seen in thin section (Pl. 3) was found in three-dimensional replica to consist of a fragmented series of platelets, tubules and vesicles (PI. 7, fig. 14) . The appearance of the endoplasmic reticulum surface in PI. 8, fig. 15 where it passed continuously into a cross-fractured section suggested that the fracture plane passed along the inner or outer membrane surface and that the membrane had not been split.
The inner (PI. 9, fig. 18 ) and outer (Pl. 10, fig. 19 ) surface of the plasmalemma of benomyltreated conidia was far more convoluted than in normal germinating conidia (Pl. 9, fig. 17 ). The swellings on the inner surface of the plasmalemma and the depressions on the outer surface were probably due to lomasomes (Richmond & Pring, 1971 b) . The outer surface of the plasmalemma was covered with particles some of which, particularly in the region of the lomasomes, were arranged in an ordered geometrical pattern (Pl. 10, fig. 19 ). The appearance of the plasmalemma surface of Botrytis fabae varied considerably in resting conidia, germinating conidia and hyphae (Richmond & Pring, 1971 a, b) but the ordered arrangement of particles was previously found only in hyphae. Changes in the plasmalemma probably accompanied changes in cell metabolism. Similar variations occurred on the plasmalemma in cells of pea root tips (Northcote & Lewis, 1968). A cross-fractured replica showed that large numbers of vesicles were present on the cell periphery (Pl. 10, fig. 20 ). These vesicles probably passed through the plasmalemma by a process of reverse pinocytosis to form lomasomes (Richmond & Pring, 1971 b) .
Benomyl-treated nuclei (PI. 3, 4) were indistinguishable in thin section from those of untreated material (PI. 2,6) but freeze-etched replicas showed that treated nuclei were deeply lobed and convoluted (Pl. 5) whereas normal nuclei appeared smoothly rounded and nearly spherical (Pl. 8, fig. 15 ).
Mitochondria and lipid bodies appeared unaffected by benomyl (Pl. 5), although some mitochondria had looped cristate membranes (Pl. 4). Benomyl appeared to have little effect on wall thickness (Pl. 2, 3 ).
DISCUSSION
The external morphological changes induced in Botyrtis fabae germ tubes by benomyl were reflected in changes in their internal fine structure. The most striking change occurred in the endoplasmic reticulum where the concentric sheets in normal germinating conidia were replaced by a branched reticulated network. Endoplasmic reticulum is highly plastic in form and its appearance can be modified by altering the fixation (Orrenius & Ericsson, 1966) . The eflect of benomyl on Botrytis fabae 
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The changes in B. fabae, were probably real, however, since treated and untreated material were fixed under the same conditions, and furthermore the fragmented endoplasmic reticulum could be clearly seen in freeze-etched replicas where the possibility of fixation artefacts does not arise. The alterations in the form of the endoplasmic reticulum in benomyl-treated cells suggest that the fungicide may have affected an essential metabolic activity controlling the direction of cellular activities. Strands and vesicles of endoplasmic reticulum at the periphery of resting conidia may plasticize the wall prior to germ-tube emergence (Moor, 1967) . The presence of similar structures in benomyl-treated germ tubes may have been connected with the distortions produced by the fungicide. A rapid increase in endoplasmic reticulum occurs when many fungal spores germinate, but germinating sporangiospores of Mucor rouxii (Bartnicki-Garcia, Nelson & Cota-Robles, I 968) and Rhizopus stolonifer (Buckley, Sommer & Matsumoto, I 968) produce very little endoplasmic reticulum. The different organization of endoplasmic reticulum in Phycomycetes may be associated with their relative resistance to benomyl (Delp & Klopping, 1968) . The increase in the number of lomasomes in treated conidia (PI. 9, fig. 18 ) was probably directly connected with the changes in endoplasmic reticulum since lomasomes are formed by the passage through the plasmalemma of vesicles derived from the endoplasmic reticulum (Richmond & Pring, 1971 b) . Smith & Marchant (1969) found that chloramphenicol induced the formation of similar organelles in Rhodotorula glutinis.
Benomyl induces the formation of haploid segregants in diploid strains of Aspergillus nidulans (Hastie, 1970) . Electron microscopy revealed little of the internal structure of the nucleus of Botrytis fabae and both treated and untreated nuclei appeared very similar in thin sections and in replicas of cross-fractured surfaces. The deeply lobed and convoluted appearance of freeze-etched nuclei in treated conidia (Pl. 5) may, however, indicate some action of benomyl on the nucleus. A convoluted nuclear outline was observed in chemically fixed captan-treated conidia of Neurospora crassa (Richmond, Somers & Millington, 1967) and was attributed to the reaction of captan with the sulphydryl groups of nuclear proteins.
Other organelles were little affected by benomyl, although some mitochondria had looped cristate membranes (Pl. 4) similar to those in chloramphenicol-treated cells of Rhodotorula glutinis (Smith & Marchant, I 968) . Similar mitochondrial profiles occur, however, in untreated conidia of Botrytis cinerea (Buckley, Sjaholm & Sommer, 1966) and as benomyl has little effect on respiration (Sijpesteijn & van der Kerk, 1969) the compound would not be expected to alter mitochondria1 structure.
The morphological and morphogenetic changes induced in fungi by antibiotics have been reviewed by Betina, Betinovh & Kutkovii (1966) . Antibiotics such as cyanein, actinomycin C, griseofulvin and actidione which interfere with the biosynthesis of nucleic acids and protein all induce morphological changes in Botrytis cinerea. The fungicides tecnazine and dicloran also produce swollen and branched germ tubes in B. cinerea growing on agar (Esuruoso, Price &Wood, 1968) resembling the effects of benomyl. Dicloran is an inhibitor of protein synthesis (Weber & Ogawa, 1965) .
The possible mode of action of benomyl has been discussed by Sisler (1969) and by Sijpesteijn & van der Kerk (1969). Benzimidazole itself delays senescence in detached wheat leaves (Person, Samborski & Forsyth, 1957) and benzimidazole nucleoside is a product of benzimidazole metabolism. A nucleotide derivative may therefore be the actual fungi toxicant. The inhibition of cell division by the carbamate group may be a secondary effect; carbarnates are known to disorient microtubules involved in spindle formation (Banerjee & Margulis, 1969) .
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Benomyl inhibits sporulation of Mycosphaerella musicola on banana leaves (Stover, I 969) and Botrytis.fabae on broad bean leaves (D. V. Richmond & R. J. Pring, unpublished). At higher concentrations mycelial growth is inhibited; even higher concentrations are required to prevent spore germination (Clemons & Sisler, 1969) . Although high concentrations will kill B. fabae spores, the action of benomyl is essentially fungistatic at the concentrations we have used. Spores which have been completely inhibited from germinating will germinate normally when transferred to a benomyl-free medium. In a similar manner the distorted germ tubes produced by benomyl form a single hypha and grow normally in the absence of the fungicide. Most fungicides act by non-specific enzyme inhibition (Somers, 1968) : benomyl may have a different, more specific, mode of action (Sisler, 1969) .
